Introduction
It is of considerable importance to know the chemical identity of the naturally occurring growth hormone or auxin. However, the natural auxin occurs in such small amounts in the plant that chemical isolation is difficult if not impossible. To overcome the difficulty of the low concentration plant materials have been sought which conitained an exceptionally high auxin concentration. As such, corn oil and malt (KdGL, ERXLEBEN and HAAGEN-SMIT, 6 and 7; HAAGEN-SMIT et al., 4) or immature corn kernels (AVERY, BERGER and SHALUCHA, 2, 3) have been chosen as materials for isolation. From the work of VAN OVERBEEK (15) it must be concluded, however, that the auxin in the kernels is not involved in growth of the mesocotyl and coleoptile. Whenever auxin has been extracted from growing organs the concentration was found to be very low (well below 0.1 mg./kg.). With such small concentrations and with limited amounts of tissue only indirect methods of identification of the auxin are possible.
These indirect methods include: 1. Determination of the diffusion coefficient 2. Determination of alkali and acid sensitivity 3. Determination of light sensitivity. In the present investigation the diffusion coefficient of the auxin in the growing tip of tomato plants was determined, together with some additional evidence from acid and base sensitivity. Because it is not certain that the free or diffusible auxin is identical with the extractable auxin, the diffusion coefficient of both forms was determined. After auxin was diffused from tomato stem tips for 90 minutes, these tips were extracted for one hour with ether, and both auxin sources were investigated separately.
Materials and methods
Throughout the investigation the San Jose Canner tomato has been used.
After performing some preliminary trials to determine the age and temperature when the stem tips release most auxin (see below), tomato plants about 55 days old were chosen as the most suitable for detailed experiments.
Diffusion from stem tips Auxin was diffused from tomato stem tips by placing six tips on agar blocks 1.27 mm. thick and of 8 x 11 mm. surface. The agar block (1.5 per cent. agar) was placed on a glass slide in a tray lined with moist filter paper and was kept at 260 C. in weak red light in the Avena room. The green tips were cut from the plants, and after renewal of the cut surface, placed upright on the agar block. Only the apical bud surrounded by young leaves not over five mm. long was used, the total length of the denuded stem tip amounting to 20 mm.
Tomato stem tips did not prove to be an outstanding source of auxin.
The auxin diffused amounted to only approximately 1.0 x 10-3y or 0.001 microgram equivalents of indoleacetic acid formed per 90 minutes per tip.
Extraction from stem tips All extractions of auxin reported here were made from the same or similar fresh stem tips with peroxide-free ether ( VAN OVERBEEK, 16) . For this the stems were chopped into pieces approximately one mm. long and placed in a flask covered with about 50 ml. of purified ether. The samples were either 0.6 or 1.2 gm., according to whether 6 or 12 tips were used. The extraction occurred in a cold room, at approximately 20 C. for one hour. The ether was then decanted, evaporated to 1-2 ml. on a water bath, and quantitatively transferred to a vial containing 0.4 cc. of 1.5 per cent. molten agar. Each sample was then poured into a mold of 1.27 x 8 x 11 mm.
In general the ether extraction of fresh tips gave results comparable to those of diffusion. It may be seen that about 10 
SMIT and ERXLEBEN, 8).
Auxin b is destroyed both by hot acid and hot alkali, auxin a is stable to hot acid but is destroyed by hot alkali, whereas indoleacetic acid is destroyed by hot acid but is stable toward hot alkali.
Ether extracts of 10 tomato tips were prepared as previously described. The supernatant ether was evaporated to dryness and left overnight in the cold room. The residue was taken up in two ml. of distilled water. To one extract two ml. of 10 per cent. HCl, to another two ml. of 10 per cent. NaOH was added, and the third was left as control. They were then refluxed for three hours in a boiling water bath. After cooling, all three solutions were adjusted to pH 3.0, and shaken in a separatory funnel three times with 50 ml. of ether. This ether was then evaporated and transferred to agar in the usual manner.
The auxin determinations These were carried out according to the standard Avena test method (Went and Thimann, 1937) . To increase the accuracy of the determinations the Avena plants were selected carefully as to straightness before applying the agar blocks. As controls, two sets of 12 plants each were prepared, one receiving blocks with 25 micrograms indoleacetic acid per liter, the other 50 micrograms per liter. In addition, determinations of the total initial auxin of each diffusate or extract was also made.
Measurement of the Avena curvatures
Because the amount of auxin diffusing from tomato stem tips was small, the curvatures of the plants after partition of the auxin between the four blocks were often very small so that measurement of the curvatures with the standard protractor were inaccurate and unreproducible. Therefore another method for measurement was developed. The shadow photographs of the curved plants were projected at 10 times magnification on a board which could be rotated (see fig. 1 ). To plant tips were collected later from seedlings two weeks old and with two true leaves, three weeks with four leaves, four weeks with eight leaves and at six weeks of age.
The diffusion experiments were performed in the Avena room, inside a moist chamber. In general the tips were placed on plastic strips for about 90 minutes, with small individual agar blocks directly applied to their basal fresh cut surfaces. On the last preliminary trial, however, glass tubes with openings in both sides, in which the seedlings were placed upright, were also used. The results are summarized in table I.
The averages have been plotted in a curve, which shows a direct relationship between age of plant and amount of auxin produced ( fig. 2 .) Therefore in the main experiments tomato plants older than one month were used.
Effect of temperature on auxin production For these experiments tomato plants were grown four per 6-ineh pot, and placed together either outsi(le (summer) or in a greenhouse. Two days before measurement of their auxin production they were placed in darkness at the different temperatures, since it is known that tomato plants continue to produce auxin in darkness (WENT, 19). Table II shows some results from such experiments.
It is interesting to observe that here again only the plants one month and older released considerable amounts of auxin. Since these studies are to be regarded as only preliminary and the number of tests conducted was very small, these results are not conclusive concerning the effect of temperature on auxin production. It seems, however, that the temperature should not be higher than 220 C.
Before reporting the main diffusion data, it is of interest to explain how the diffusion coefficient is calculated, on the basis of the experimental values. Illustration of the procedure As an example of how the diffusion coefficient is calculated two experiments (70 and 86) with synthetic indoleacetic acid will be used (tables III and IV).
An agar block containing 50 micrograms indoleacetic acid per liter was placed on three other blocks of pure agar of the same dimensions. The agar block containing growth substance is marked I, and next II, the third III and the lowest IV. After the regular diffusion time, 90 minutes (1440 days), the blocks were separated, and the auxin content of each was determined by the Avena test (column 3 of tables III and IV).
To use the tables of Kawalki, as reproduced by Heyn, the absolute curvatures (total 13 .000) have to be reduced to relative values (total of 10.000), as done in column 4. From table I of Heyn we get then, by linear interpolation, the individual values of x. The mean value of x in each experi- The diffusion coefficient of the diffusible and extractable auxin of tomato tips For these experiments agar blocks were used containing diffused or extracted auxin, prepared according to the above descriptions. The diffusion coefficient was determined as described above. The diffusion coefficients for the extracted auxin fall within the same range (0.528 and 0.688) and give a mean of 0.617 which leads to a molecular weight of 203, which very closely parallels the molecular weight of the diffused auxin. There is, however, a consistent aberration in the diffusion data of the extracted auxin. In almost all cases the second block had too little auxin, resulting in an exceptionally low x value. This aberration is hardly noticeable in the data for the auxin diffusing from the stem tips.
When the data are broken down into two groups, one comprising the auxin extracted from tips from which auxin had diffused for 90 minutes, and the other comprising the auxin extracted immediately after cutting of the tips, the aberration is more pronounced in the first group. Such an aberration in the x value can be explained in two ways. If two growth promoting substances are extracted by ether extraction, of which one diffuses at a much slower rate than the other, a low x value will be obtained in the second block, and the x values in blocks, I, III and IV will drop gradually. This is exactly what is observed. The same result could be obtained if the ether extract contains a growth promoting substance and an inhibitor which diffuses more rapidly.
Experience with other materials has shown that inhibitors are found especially in ether extracts of plant material (STEWART, 14). Therefore, it seems likely that the aberrations are due to a growth inhibitor in the ether extracts, which accumulates in the tips when they are left standing on agar, while the auxin diffuses out.
We can now compare our data with those obtained by other investigators. Table IX contains the results of diffusion experiments with growth substances so far published in the literature and accessible to the authors.
They have all been recalculated for a temperature of 260 C. and a C value of 8.8, as calculated from our diffusion data with pure indoleacetic acid. 
